Autoimmune diseases constitute a heterogeneous group of conditions commonly treated with anti-inflammatory, immunosuppressant and immunomodulating drugs, with satisfactory results in most cases.
Introduction
Autoimmune diseases (AD) are caused by immunologic imbalance and loss of tolerance, which lead the immune system to attack self tissues within the organism. AD can be mediated by immune complexes, circulating autoantibodies and autoreactive T lymphocytes. Conventional AD therapy is effective in most patients, but some patients are resistant to the anti-inflammatory and immunosuppressive agents used or are only capable of responding to high doses of such medicines, which are toxic. In such cases, bone marrow (BM) reconstitution is required. Thus, high doses of immunosuppressants, followed by hematopoietic stem cell transplantation (HSCT), have become an alternative treatment for many diseases involving the immune system. These include multiple sclerosis (MS), systemic sclerosis (SS), rheumatoid arthritis (RA), juvenile idiopathic ar-S.B. Rosa et al.
www.bjournal.com.br thritis (JIA), and systemic lupus erythematosus (SLE) (1, 2) .
The application of HSCT to the treatment of AD has been studied since the 1970s. The success of this approach has been widely demonstrated in animal models as well as in BM transplant patients who were shown to also have concomitant AD. For example, an allogeneic BM transplantation (BMT), which was intended to cure aplastic anemia in 2 patients with concomitant RA, resulted in the complete remission of RA for at least 11 years (2) .
The use of stem cell therapy in diseases involving the immune system is increasingly common. By 2004, the European and North American data banks had accumulated information on about 800 patients treated with HSCT for a variety of diseases (3) . Most of these procedures involved peripheral blood autologous HSCT (AHSCT). After the administration of growth factors to the patient, which mobilizes the stem cells from BM to peripheral blood, the patient's blood is collected and processed, and mature cells are excluded until a sufficient number of HSCs are obtained for transplantation. The patient then undergoes radioactive and/ or cytotoxic drug therapy, which eliminate the cells in division, including immune system cells. The treated blood is returned to the patient via transfusion, and, by a mechanism known as homing, the HSCs migrate to the BM, where they begin a process of differentiation into mature functional cells. This treatment has been shown to result in the reestablishment of tolerance and a decrease in the recurrence of AD. Figure 1 shows a schematic representation of this procedure.
Stem cells
Stem cells are characterized by their capacity for self-renewal, multilineage differentiation, proliferation, mobilization, and homing (4) . Stem cells can be divided into two main groups: embryonic stem cells (ESCs) and adult stem cells (ASCs).
ESCs, found in the embryo until approximately 3 days after fertilization, are totipotent, that is, they are capable of giving rise to more than 200 cell types, including extraembryonic tissues such as the placenta and umbilical cord. ESCs obtained from the internal mass of cells that form the blastocyst, at 4 or 5 days following embryo fertilization of the embryo, but before implantation in the uterus, are pluripotent cells (5) . That is, they are capable of giving rise to all cell types, with the exception of extra-embryonic tissues.
ASCs give rise to specific tissue progenitor cells and are, in most cases, multipotent, producing a more limited number of cell types. The stem cells most commonly used in clinical medicine are HSC, a type of multipotent ASC, which give rise to all types of blood and immune system cells (5) . The main sources of HSCs are BM, umbilical cord blood (UCB) and, in smaller quantities, peripheral blood. Some ASCs appear to be capable of transdifferentiation. This process is characterized by the differentiation of a progenitor cell into a cell line other than that from which it originated. An example is the capacity of BM stem cells to give rise to neurons (6) . Later, pluripotent stem cells, such as mesenchymal stem cells (MSCs) and multipotent adult progenitor cells, were discovered in several adult tissues.
In the next sections, we report on a number of AD for which stem cell transplantation is currently being considered a potential therapeutic approach. Additionally, we provide examples of the different therapeutic protocols used, and discuss the limitations and advantages of such procedures.
Rheumatoid arthritis and juvenile idiopathic arthritis
Autologous stem cell transplantation (ASCT) has been proposed as a possible treatment for severe AD such as RA, MS, Use of stem cells in autoimmune diseases www.bjournal.com.br SS, and SLE. Almost 1000 patients with various autoimmune disorders have undergone ASCT since 1996, among them a small number of children, most of them suffering from JIA (7) .
RA is a systemic AD that, in the long term, can lead to irreversible destruction of the joints, loss of mobility, as well as a reduction in both the quality of life and life span. Cellular and humoral immune responses can contribute to the development of lesions. Rheumatoid factor, an autoantibody specific to the Fc region of human IgG, is found in 80% of patients with RA (8) .
The cells involved in inflammatory reactions are derived from HSCs, which suggests that this disease may originate from problems in stem cells. It is not clear whether the inflammatory cells are derived from abnormal stem cells or whether they are nor- Figure 1 . Schematic model of the protocol for obtaining autologous hematopoietic stem cells from peripheral blood for transplantation showing the different stages of transplantation, re-establishment of immunological tolerance and possible causes of relapse. Following granulocyte-colony stimulating factor (G-CSF) treatment which stimulates the mobilization of stem cells from bone marrow to peripheral blood (1), the peripheral blood stem cells are collected by means of leukapheresis and purified (2) . Purification of peripheral blood via antithymocyte globulin (ATG) in vivo and/or in vitro selection of CD34 + cells aims to isolate stem cells from mature cells. After collection of peripheral blood, the patient is submitted to immunosuppressive therapy (2) . The graft containing the stem cells is reintroduced into the patient (4). If mature lymphoid cells remain in the graft after the purification stage, the patient may suffer a relapse (3B and 4B). The stem cells multiply via the self-renewal process (5) and are capable of differentiation (6) , forming a new immunological system and therefore re-establishing immunological tolerance, consequently diminishing the symptoms of the disease or leading to long-term remission (7A). However, if new auto-reactive cells develop during the differentiation stage or the purification stage fails to remove such cells from the graft, the patient may suffer a relapse (7B). mal progenitor cells that demonstrate pathogenicity within a microenvironment predominantly occupied by inflammatory cytokines. Proof that the defect lies in stem cells is the fact that RA can be transmitted or abolished by allogeneic stem cell transplantation (9) .
One hypothesis concerning RA is that it involves the aging of stem cells. The HLA-DR4 haplotype appears to be linked to RA. Healthy HLA-DR4 + individuals present premature aging of HSCs. Aged T cells express distinct immunoregulatory receptors that potentiate their activity, independently of antigenic recognition. These cells present pro-inflammatory properties and trigger autoreactivity. In RA, the abnormal functioning of stem cells is probably not limited to HSCs, but may also involve, for example, MSCs. Thus, the premature aging of stem cells in RA may lead to tissue destruction resulting from the action of T cells and failure of the tolerance mechanism (10) .
Study of the application of stem cells to the treatment of RA started at the beginning of the 1980s in research using animal models. Clinical studies mainly involve autologous HSCs or, more rarely, syngeneic or allogeneic BMT (11) . The transplantation protocol varies between studies. As in other AD, in order to perform peripheral blood AHSCT the cells are mobilized using granulocyte-colony stimulating factor (G-CSF) with or without immunosuppression, prior to leukapheresis. The graft may or may not be manipulated in vivo or ex vivo using antithymocyte globulin (ATG) and/or by selection of CD34 + cells, the classic marker of HSCs. The purpose of these procedures is to eliminate mature autoreactive lymphocytes, thus preventing them from being reintroduced into the organism. The patient is submitted to an intense immunosuppressive process followed by the reintroduction of stem cells into the receptor. Several clinical studies are discussed throughout this review and are listed in Table 1 . The patients selected in the following studies presented severe RA which had proven to be resistant to conventional therapies.
Mobilization of HSCs with G-CSF is considered to be a suitable technique. However, the administration of cyclophosphamide (CY) prior to G-CSF appears to offer some advantages. Immunosuppression induced by CY may reduce the risk of intensifying the RA symptoms produced by G-CSF. CY seems to increase HSC levels, facilitating graft manipulation, and to reduce the number of potentially pathogenic T lymphocytes re-introduced into the patient. Moreover, it appears to stimulate renovation of immunocompetent cells, reestablishing the immunological balance, without the need for HSC re-infusion (12) .
This conditioning regime should provide great efficacy with reduced toxicity. Thus, the dose of CY to be used has been established as 200 mg/kg since it produces an effective response in RA treatment and presents acceptable levels of toxicity (13) . In a study involving 4 patients who received CY and ATG, 1 patient was submitted to total body irradiation (TBI), 2 patients, including the one that received TBI, presented disease reactivation post-transplantation, though the symptoms were mild and transitory. The other 2 patients reached improvement level ACR70. According to the American College of Rheumatology (ACR), ACR70 corresponds to an improvement level of 70% in the count of joint pain and edema, together with an improvement of 70% in at least 3 of the 5 parameters, including the level of reactive C protein, erythrocyte sedimentation, and functional incapacity. Similarly, ACR20 and ACR50 correspond to improvements of 20 and 50%, respectively (14) .
Research into the use of high doses of CY in the absence of stem cell re-infusion is based on the HSC expression of high levels of aldehyde dehydrogenase, an enzyme responsible for the cellular resistance of CY (9) , and 2 patients submitted to this procedure showed complete remission of the dis- The studies cited derive from a review of the literature and give a general view of the different outcomes after therapy. ABMTR = Autologous Blood and Marrow Transplant Registry; ACR = American College of Rheumatology level (in percent); AHSCT = autologous hematopoietic stem cell transplantation; ATG = antithymocyte globulin; BM = bone marrow; CY = cyclophosphamide; DMARDS = disease-modifying antirheumatic drugs; EBMT = European Group for Blood and Marrow Transplantation; G-CSF = granulocyte-colony stimulating factor; HSCT = hematopoietic stem cell transplantation; PBHSC = peripheral blood hematopoietic stem cells; RA = rheumatoid arthritis; RF = rheumatoid factor; TBI = total body irradiation.
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www.bjournal.com.br ease (15) . Moore and colleagues (16) studied 33 patients who were randomly submitted to either the autologous transplantation of non-manipulated cells or the transplantation of selected CD34 + cells. The effects of using non-manipulated stem cells were better than those obtained with selected CD34 + cells. In a syngeneic transplantation of HSCs, in which the patient with RA received HSCs from his twin brother, no recurrence of the disease was seen for at least 24 months. There were some differences in the expression of some T cell receptor subtypes between the brothers. Following transplantation, the T cell receptor repertory of the host became practically the same as that of donor. Thus, the syngeneic lymphocytes from a healthy donor are capable of modifying the immunoregulation disorder, contributing to the production of graft-versus-autoimmunity (17) .
Most studies on HSCT involve isolated cases or small sample groups. A wider study, based on the records of both the European Group for Blood and Marrow Transplantation (EBMT) and the Autologous Blood and Marrow Transplant Registry, involved the collection of results from around the world of cases of treatment of RA with stem cells, particularly severe and resistant cases. From 1996 to 2000, 76 patients were registered. The mortality rate related to the treatment was low, with the death of 1 patient, who had been submitted to graft purification and immunosuppression. Most of the patients responded well to the treatment, although with a high rate of relapse. AHSCT makes it possible to control the return of the disease with the use of conventional antirheumatic drugs. The good response to these posttransplantation drugs suggests that ASCT is associated in some way with immunomodulation (8, 13, 14, 16) .
Thus, HSCT in RA therapy is well tolerated by patients, with few cases of deaths related to transplantation. Currently, AHSCT is not considered to be a curative therapy for RA. However, it may represent a possible "back to the beginning of the disease mechanism", facilitating the control of symptom intensification through the use of maintenance therapy (9) . This post-transplantation maintenance has been the focus of the EBMT/ EULAR (European League Against Rheumatism) Autologous Stem Cell Transplantation International Rheumatoid Arthritis Trial (3). However, this trial was suspended because of insufficient patient accrual.
Systemic JIA is a heterogeneous form of arthritis in childhood and represents 10-20% of all cases of JIA in the Caucasian populations of Northern America and Europe. Up to 30% of patients will still have active disease after 10 years, and morbidity within this group is high (18) . Despite modern therapies, JIA remains a significant cause of morbidity in children because it does not usually respond to anti-TNF agents.
Since 1997, HSCT has been applied as an experimental procedure to more than 50 children with refractory JIA. In a retrospective analysis of follow-up data on 34 children with JIA who were treated with ASCT at nine different European transplant centers, the results showed that 18 of the 34 patients (53%) achieved complete drug-free remission at follow-up times of 12 to 60 months. In 7 of these patients earlier treatment with anti-TNF had failed. Six of the 34 patients (18%) showed a partial response (ranging from 30 to 70% improvement) and 7 (21%) were resistant to ASCT. There were 3 cases of transplant-related mortality (9%) and 2 of disease-related mortality (6%). These results show that ASCT in severely ill patients with JIA induces a drug-free remission of the disease and a profound increase in general well-being in a substantial proportion of patients, but the procedure carries a significant risk of mortality (19) . More recently, this risk has been reduced by pretreating with steroids the patients in whom the disease is very active prior to transplantation. The European Bone Marrow Trans- 
Systemic lupus erythematosus
There is evidence that patients with SLE, a systemic AD, present BM dysfunction, with a marked reduction in the numbers of CD34 + cells and a possibly reduced stem cell proliferation capability. The patients present elevated levels of apoptosis in the CD34 + cell subpopulation and a reduced frequency of colony-forming units when compared to control groups. These abnormalities appear to be related to a defect in the microenvironment of the BM, contradicting the hypothesis that they are related to some primary defect in the stem cells. During the posttransplantation period, a greatly reduced number of apoptotic CD34 + cells are seen when compared with the pre-treatment period (21) .
The EBMT and the EULAR registered 53 cases of the use of HSCT in patients with SLE between 1995 and 2002. In the United States, a transplant center reported the use of HSCT in 50 cases from 1997 to 2005 (21) . Currently, research protocols use a conditioning protocol consisting of CY and G-CSF for mobilization, and high doses of CY combined with ATG, and in vitro CD34 + cell selection (21, 22) .
Besides the SLE patients submitted to HSCT reported in the EBMT/EULAR (21) and the American (22) studies, 32 other isolated cases have been reported. There were 22 cases of clinical remission. About 30% of the patients who had remission of the disease presented a relapse (23) .
With this disease, the longer the posttransplantation period, the greater the risk of relapse, which is associated with low level of anti-dsDNA antibodies prior to HSCT. According to the EBMT/EULAR studies, there was no difference in the frequency of relapse with selection of CD34 + cells or with a more intense conditioning regime. The adverse effects of the treatment are not severe and the activity of the disease can be controlled with therapies to which the patient was previously resistant (21, 22) .
There are many examples of clinical improvement in patients with SLE submitted to AHSCT or to treatment with high doses of CY (24) . However, new inflammatory and autoimmune processes have occurred in patients submitted to HSCT (21) and in patients treated only with CY without infusion of stem cells (24) . This probably occurs as the result of the deletion of regulatory T cells (21) .
In Brazil, the first four cases of SLE submitted to AHSCT in a multicenter cooperative trial were reported in 2003 (1). The patients received high doses of CY and ATG, which were both administrated before and after cell infusion. The use of ATG immediately after infusion was intended to complement the in vivo T cell deletion since in the protocol the infused cells did not suffer in vitro selection. Three patients presented severe kidney failure and 1 patient died. The 3 surviving patients showed remission of kidney disease after transplantation, but 1 patient relapsed thereafter and showed a decline in renal function (Scheinberg M, per-S.B. Rosa et al.
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Several studies in the international literature have shown that AHSCT is efficient in achieving remission of disease in patients with resistant SLE. Transplantation is able to change the behavior of severe diseases, making them more benign and responsive to therapy. It has been suggested that the reported higher rates of mortality in Brazil and other countries (25) can be controlled by appropriate patient selection, the choice of a less aggressive conditioning regime and the acquisition of more experience in managing specific complications associated with the procedure (21).
Multiple sclerosis
Multiple sclerosis is an organ-specific AD mediated by T cells triggered against structural components of myelin in the central nervous system (CNS). Subsequent to inflammation in the CNS, demyelinization and loss of axons may occur, resulting in interruption of the electrical signal. Most MS patients present episodic relapse and improvement, known as relapsing-remitting MS, followed by a phase called secondary progressive MS. There is yet another form of MS known as primary progressive MS, which is generally resistant to conventional therapies (26) .
Available treatments for MS are not curative. They are able to reduce inflammation in the CNS and to delay the advance of the disease, but disease control is frequently unsatisfactory. The use of stem cells in the treatment of MS is based on the immunosuppressor and immunomodulatory effects of AHSCT, which may favor the immunological balance (26) . Furthermore, the multifocal nature of MS makes the injection of stem cells into each affected site impracticable, which means that the cells need to be attracted to the pathological areas. The intravenous administration of stem cells may be an alternative in MS and other neuroinflammatory conditions, in which there is permeability of the hematoencephalic blood brain barrier in the inflammatory areas. Moreover, the discovery that stem cells are capable of reaching the CNS and of transdifferentiating or acquiring oligodendrocyte and possibly neuronal properties, suggests that they may be able to act in re-myelinization and neuron repair.
The first reported AHSCT in patients with MS was performed in 1995 (26) . By November 2002, MS was the AD with the largest number of reports of AHSCT. More than 200 patients were submitted to AHSCT specifically for the treatment of MS (3). Table 2 lists the clinical trials of HSCT for MS. Practically all the patients were in the progressive phase of MS, and most of them were in the secondary progressive MS phase. These patients had not responded to previous conventional treatments and presented severe functional incapacity. There is no variation in the results from different transplant centers (27) . AHSCT significantly reduced the inflammation in the CNS, as shown by magnetic resonance imaging, and enhanced the results obtained with conventional therapies (26) . The most common adverse effect was the occurrence of infection, which affected more than 50% of the patients in the clinical trial of Fassas and colleagues (27) . The mortality rate associated with transplantation is high (5-10%) when compared with that of conventional treatment (0%), although it is believed that with a more precise patient selection procedure this rate could be reduced. The morbidity and mortality rates seem to be related to the intensity of T cell deletion and to the conditioning regime, as well as to advanced age and severe functional incapacity of the pa-Use of stem cells in autoimmune diseases www.bjournal.com.br tients (26) . There is a need to determine what degree of risk is acceptable in patients with a disease that, although severe and rarely curable, has a low death rate.
Some clinical studies have reported the persistence of cerebral atrophy after AHSCT for MS. However, it is still not possible to know whether or not AHSCT has any effect on the advance of atrophy because the patients involved in these studies presented a severe and rapidly advancing form of MS. In this situation, cerebral atrophy might be taking place at an accelerated and cumulative pace and, moreover, a more active phase of the disease may occur during pre-treatment, mainly during cell mobilization. Accordingly, the loss of brain tissue could be a longterm consequence of previous activity of the disease. Furthermore, there is the possibility of pseudoatrophy, which occurs in response to the intense suppression of the disease activity induced by AHSCT (28).
AHSCT appears not to yield good results in patients whose clinical progression involves axon degeneration. Thus, the use of AHSCT in the early stages of MS would appear to be more suitable for patients with a low level of functional incapacity (26) .
Matrix metalloproteinase-9 (MMP-9), a marker of MS pathogenesis, is regulated by the tissue inhibitor of MMP-1. The serum and expression level of mRNA of MMP-9 and of tissue inhibitor of MMP-1 were analyzed in peripheral mononuclear cells from 14 patients with MS after AHSCT. The results indicated inhibition of MMP-9 activity, which is in accordance with clinical condition and reduction of disease activity (33) . The mechanism by which AHSCT affects the course of MS is not known. The immediate effect appears to be the eradication of auto-reactive clones. Patients treated with AHSCT show a low T CD4 + cell count (33) , and, as a consequence, the inflammatory process is reduced and there is a possible clinical improvement. Besides this immediate effect, the infusion of stem cells after high doses of immunosuppression appears to give rise to a "new" tolerance system (34) . Another hypothesis to explain the improvement of patients is the capacity of stem cells to transdifferentiate into glial cells and neuronal precursors, contributing to the repair of damaged nervous tissue. Thus, AHSCT can lead to prolonged periods of stabilization of MS or change the degree of severity in the course of the disease.
An initiative of the EBMT/EULAR, the Autologous Stem Cell Transplantation International Multiple Sclerosis Trial intends to compare AHSCT with conventional treatment, and so determine the efficacy and toxicity related to stem cell therapy in progressive MS (3). Another controlled clinical trial (MIST), created by R. Burt in Chicago with the cooperation of some Brazilian centers, compared AHSCT with conventional therapy in the earlier inflammatory phase of interferon-refractory diseases (relapsing-remitting).
Under the Brazilian cooperative trial of HSCT for AD, 41 patients with progressive (primary or secondary) MS with a score ≤7. 
Systemic sclerosis
Systemic sclerosis or scleroderma is characterized by predominant T cell activation, autoantibody production (anti-scleroderma-70) and cytokine secretion, leading to excessive fibrosis throughout the body. Severe forms of the disease give rise to high levels of morbidity and mortality (estimated at 40-50% in 5 years), secondary to lung, cardiac and kidney involvement. Conventional therapies apparently are not efficient in preventing the advance of the disease and reversion of the fibrosis (35) .
In November 2003, 83 cases of patients with SS submitted to stem cell transplantation were registered in Europe and the United States (35) . The therapeutic regimes used for the treatment of SS with ASCT registered in EBMT/EULAR were similar. For cell mobilization, the use of CY and G-CSF is preferred to that of G-CSF only. The selection of CD34 + cells prior to re-infusion was performed in 87% of patients. For conditioning, CY was applied in 90% of cases, either as a monotherapy or in combination with ATG (36) .
Since 1996, good results have been ob-
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www.bjournal.com.br tained in SS after HSCT. In a study published in 2006, which included 6 patients with SS, 1 of them with associated SLE, improvement was reported in dermatologic sclerosis in all patients (37) . In a study by Farge and colleagues (36), 57 patients with SS were treated with HSCT in the period from 1996 to 2002 and followed up for more than 6 months. Complete remission was observed in 14 patients, and partial remission in 32 patients, for a period of over 3 years. Though some patients exhibited active disease following HSCT, they were found to be in better clinical condition than prior to treatment.
However, not all the reported outcomes are favorable. In a French multicenter study involving 11 patients, while a complete or partial response was observed in 8 patients, 5 of these patients showed reactivation of the disease. Nevertheless, according to the authors, AHSCT is able to extend the short life expectancy of patients with severe SS (36) .
Toxicity risk factors were not totally analyzed due to the small number of patients and to the variety of protocols applied. Therapy with high doses of immunosuppressors appears to be less tolerated by patients with lung and heart damage due to the cardiotoxicity of CY. A careful selection of patients, close monitoring during treatment and changes in the transplantation protocol should reduce the number of deaths (35) . A conditioning regime using thiotepa and low doses of CY seems to minimize the cardiotoxicity induced by CY (38) , and it is recommended that TBI in the absence of lung protection be avoided.
Supervised by the EBMT and EULAR, a controlled and randomized phase III study is being organized, called Autologous Stem Cell Transplantation International Sclerodermal Trial (3). In the United States, a similar randomized phase III study, called Scleroderma: Cyclophosphamide or Transplantation, is being planned. The aim of these studies is to investigate the effects of intensive immunosuppression followed by HSCT versus conventional chemotherapy with CY in patients with scleroderma in order to establish a safer and more effective protocol (35) .
In the Brazilian cooperative trial of AHSCT for AD, seven patients with progressive and refractory SS were treated (20) . Three patients were mobilized but not transplanted (2 improved and 1 died from infection). One patient with overlap syndrome (SLE plus SS) died from disease reactivation (pulmonary and cerebral vasculitis) before receiving HSCT. Three patients improved significantly after transplantation (softening of the skin and stabilization of pulmonary function), but 1 of them died of pulmonary infection more than 2 years after transplantation. After this report, 2 other patients were transplanted at the University of São Paulo Hospital in Ribeirão Preto without early complications and with rapid improvement of skin lesions.
Autoimmune cytopenias
Autoimmune thrombocytopenic purpura (AITP) is a disease in which platelets are sensitized by anti-platelet antibodies or circulating immune complexes, provoking the early removal of these cells from the circulation. This process results in thrombocytopenia and bleeding. About one third of patients with AITP do not respond well to conventional therapies. High doses of immunosuppressors may lead to remission of the disease; however, this involves risks related to myelosuppression. HSCT aims to accelerate reestablishment of the hematological parameters and concomitantly reduce the number of autoimmune cells in the organism (39) . Several sporadic case reports of HSCT for autoimmune cytopenias have been published, but only two studies have been reported with moderate numbers of patients.
A study described the clinical history of patients registered in the EBMT who had S.B. Rosa et al.
www.bjournal.com.br received HSCT to treat severe refractory autoimmune cytopenia. In 12 patients with AITP submitted to autologous transplantation the responses were highly diverse, varying from a transient response to continuous remission or even death related to transplantation (40) . In the US, of 14 patients with chronic refractory AITP submitted to high dose cyclophosphamide (200 mg/kg) followed by AHSCT, 6 achieved durable complete responses and 2 obtained durable partial responses (41) . The study concluded that the infusion of HSCs had accelerated the hematological reestablishment. Since clinical improvement was not associated with quantification of anti-GPIb or anti-GPIIIa antibodies, it is likely that other platelet antigens were involved in the AITP. The responses were not associated with the number of CD3 + cells infused into the patients, although the deletion of T lymphocytes may have prevented the re-infusion of auto-reactive T cells (39) .
Clinical trials involving larger numbers of patients could provide more reliable information on the importance of lymphocyte deletion and immunogenetic characterization of patients that are responsive or nonresponsive to treatment. It would then be possible to compare different treatment protocols: a) therapy based only on high doses of CY; b) therapy using high doses of CY combined with stem cell transplantation, and c) the latter procedure used in association with agents inducing the maintenance of post-transplantation tolerance (39) .
Autoimmune hemolytic anemia (AIHA) is characterized by the early destruction of erythrocytes due to the fixation of immunoglobulin or complement protein on the membrane surface. The initial symptoms can result from anemia caused by hemolysis, the secondary effects of the hemolytic condition, or the primary disease which caused the AIHA. There are a few reports in the scientific literature of cases in which stem cell transplantation has been used for the treatment of AIHA (40, 42) and the data suggest that immunosuppressive therapies should be used post-transplantation in this disease.
Despite the incipient data, stem cell transplantation offers a new therapeutic possibility for patients with AIHA.
Diabetes mellitus
In recent years, there has been a rapid growth in the number of cases of diabetes throughout the world. This epidemic affects approximately 6-8% of the world population and the number of newly diagnosed patients increases yearly (43) . Of these, approximately 10% are type I diabetes, insulindependent diabetes mellitus, an AD caused by the progressive destruction of the insulinsecreting pancreatic ß-cells in the islets of Langerhans (4,44) which regulate blood sugar levels by secretion of insulin. Recent clinical data suggest that the disease could be cured if an adequate supply of new ß-cells were made available. Hence, one goal of pancreatic developmental biology is to understand how endogenous ß-cells are made, with the hope of producing them exogenously (44) .
Pancreatic islet cell transplantation is an attractive treatment of type I diabetes (45) . Clinical islet transplantation trials based on cadaveric allogeneic islets have demonstrated that it is indeed possible to restore nearphysiological insulin secretion capacity in type I diabetic patients through transplantation of insulin-producing cells (46) . There are a number of difficulties associated with islet allotransplantation such as problems related to alloimmunity, autoimmunity, and the need for larger islet cell masses. Employment of animal islets and stem cells as alternative sources of insulin production will be considered in order to deal with the problem of human tissue shortage (45) . Lifelong immunosuppressive therapy and inadequate sources of transplantable islets have limited the benefits of islet transplantation to less Use of stem cells in autoimmune diseases www.bjournal.com.br than 0.5% of type I diabetics. Whereas the potential risk of infection by endogenous animal viruses limits the uses of islet xenotransplantation, deriving islets from stem cells seems to be able to overcome the current problems of islet shortages and immune compatibility (4) .
The fact that BM contains HSCs and MSCs, which are capable of differentiating into a number of different kinds of cells such as pancreatic ß-cells, has, in recent years, attracted the attention of researchers to the study of stem cells in the treatment of type I diabetes. However, there is some controversy regarding the results obtained with both ESCs and ASCs, in relation to their potential for in vitro secretion of insulin and in vivo normalization of hyperglycemia (4). Stem cells from the spleen have been demonstrated to home to the pancreas where they mature into fully functional islet cells responsible for restoring normoglycemia (47) .
Transplantation of ESC-derived insulinproducing cells has reversed diabetes in animals, indicating that these cells synthesize and release insulin. Experiments on diabetic mice with ß-cells totally destroyed by streptozocin showed that after BMT blood glucose was normal and survival was longer (4) .
A recent study demonstrated the potential use of primary cultures of adult human liver cells as pancreatic progenitors, showing the plasticity of immature liver cells. The possibility of using liver as a pancreatic progenitor tissue has been demonstrated both in vivo and in vitro in Xenopus mice and humans. The use of adult human liver cells for generating functional insulin-producing tissue may pave the way to autologous implantations, thus allowing the diabetic patient to be the donor of his or her own insulin-producing tissue (43) .
Stem cells offer the best chance of achieving this goal. Controversial results have been presented concerning the existence and nature of pancreatic islet stem or precursor cells (46) . There is also controversy regarding the results obtained with ESCs and ASCs during in vitro secretion of insulin and in vivo normalization of hyperglycemia. Research into ESCs is thought to have much greater developmental potential than research into ASCs; however it is still in the basic research phase. Existing ESC lines are not believed to be identical or ideal for generating islets or ß-cells and additional ESC lines have to be established (4) .
HSC chimerism achieved through BMT may affect type I diabetes in two ways: first, by inducing tolerance to pancreas and islet cell transplants, and second by reversing the autoimmune process prior to the development of terminal complications (48) .
These studies show the possibility of BMT as a therapeutic approach for ß-cell replacement (4). However, allogeneic BMT does have limitations including the morbidity associated with lethal conditioning, graftversus-host disease, and failure of engraftment. Currently, the morbidity and mortality associated with lethal conditioning could not be justified for tolerance induction or interruption of the autoimmune state in type I diabetes (48) . While immune destruction is a problem in BMT, transplanting splenic mesenchymal cells has yielded promising results in both pancreatic ß-cell regeneration and immune destruction prevention (4).
Significant advances have occurred in the treatment of type I diabetes during the past century, but BMT is the only method capable of interrupting and reversing the autoimmune process prior to the development of terminal complications. When limitations associated with conventional BMT are overcome, BMT may become a therapeutic option in the treatment of autoimmune diabetes and tolerance induction. Techniques that promise to facilitate the use of BMT are currently being studied, including the development of partial conditioning strategies, BM graft engineering to enrich HSCs and cell populations that facilitate engraftment and approaches to limit graft-versushost disease. The use of various stem cell types as sources for ß-cell regeneration is also important, as recently reviewed (49) . The end result will be safer BMT, thereby allowing its use in nonmalignant settings such as AD and tolerance induction in solid organ and cell transplantation (48) .
From December 2003 through July 2006 15 patients with early onset type I diabetes mellitus (less than 6 weeks from diagnosis) received AHSCT at the University Hospital of the School of Medicine of Ribeirão Preto, using CY (200 mg/kg) and rabbit ATG (4.5 mg/kg) as a conditioning regime (50) . Of 14 patients without previous ketoacidosis and steroids for conditioning, 12 became insulin-free shortly after transplantation, 2 after 1 year from transplantation and 1 patient relapsed after a viral infection.
Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis (ALS) is a fatal disease characterized by the progressive death of central and peripheral motor neurons, which results in severe motor dysfunction (5, 51) . In a few cases, between 5 and 10%, the origin is hereditary, apparently caused by a mutation of the superoxide dismutase gene (52) , but in most cases (sporadic ALS) the cause of the disease in unknown. Autoimmune and inflammatory abnormalities may influence the progression of the disease but ALS is not a typical AD. The therapeutic strategy used in cases of ALS involves attempting to prevent neuronal loss and to stimulate cell regeneration. At present, the combined therapies designed to halt the advance of the disease, which use neuroprotective agents and drugs, have a statistically significant but small influence on patient survival. However, these therapies are incapable of restoring the lost motor function. In ALS, the therapeutic target is to improve the interaction between motor neurons and non-neuronal cells, mainly glial and microglial cells. Stem cell therapy is a promising strategy for restoring neuromotor function and/or preventing motor-neuron degeneration in cases of ALS (5) .
Until a few years ago, it was believed that neuronal tissue was unchangeable. However, now it is known that cell replacement occurs in adulthood in some specific regions of the brain. Difficulty in obtaining adult neural stem cells has lead to the use of UCB and BM as alternative sources of stem cells in the therapy for ALS. These cells can be expanded ex vivo, inducing differentiation into the desired cellular type and then transplanted (5) .
Transdifferentiation of human HSCs from UCB to neurons has been tested in vitro. These cells are differentiated into neural cells and, sequentially, into astrocytes in a suitable microenvironment. There are reports showing differentiation of ESCs into motor neurons in mice. However, the capacity of transdifferentiation is controversial and other biological explanations have been suggested, particularly cell fusion. Cogle and colleagues (6) showed the differentiation of human HSCs into neurons, astrocytes and microglial cells in the absence of cell fusion.
In another study, after infusion of human ESCs into the cephalorachidian liquid (CRL) of SOD1 mice, stem cells migrated towards the damaged area of the spinal cord, and about 6% of these injected cells gave rise to new neurons and the treated mice showed reversal of paralysis (52) . According to Svendsen and Langston (51) , these results are mainly due to the differentiation into glial cells and to the production of neuroprotective trophic factors, and not to the direct replacement of motor neurons.
Given the limitation of cellular transdifferentiation, the tendency of neural stem cell grafts to differentiate into glial cell lines after implantation in the spinal cord and the difficulty in transdifferentiating human blood Use of stem cells in autoimmune diseases www.bjournal.com.br cells into neuroglial cells in vitro, the therapy based on stem cells in ALS is still a long way from becoming routine. Nevertheless, the therapeutic needs of these patients have led to the clinical studies, despite the absence of conclusive evidence. In a clinical study, CD34 + cells purified from peripheral blood were injected into 3 patients with ALS. After 12 months, while none of the patients showed any severe adverse effects, there was no apparent clinical benefit. However, other studies have shown more promising results. Expanded MSCs were injected into the CRL of 7 patients and 3 months after transplantation 4 of them showed a positive clinical response (5) .
The aim of applying stem cells in cases of ALS is to achieve differentiation of these cells into motor neurons and the establishment of appropriate functional connections. Stem cells may also act through the delivery of trophic and growth factors, giving rise to a favorable environment for the survival of neural cells and acting as protective agents against neurotoxic substances (5) .
Most clinical studies involving the use of cell therapy in cases of ALS have employed the injection of autologous stem cells or ESCs directly into the CNS. Janson and colleagues (53) , after trying the technique in primates, injected selected HSCs (CD34 + cells) into the spinal intrathecal space of 3 patients. The authors observed partial or mild effects on neurological function and the absence of complications. In another study carried out at the University of Turin, Italy (54), 7 patients with severe impairment of the lower limbs but no respiratory symptoms, received ex vivo expansion of autologous MSCs from BM directly into the surgically exposed spinal cord (T7-T9 level). Most of the patients only presented slight and reversible side effects (intercostal pain or dysesthesia), a result confirmed after a 2-year follow-up (55) . Deceleration of the loss of muscular strength in the legs was observed 3 months after transplantation in 4 patients together with a slight improvement in 2 patients (54). Additionally, there was also a deceleration in the decline of respiratory function in 4 patients after 2 years. These effects were correlated with the number of injected cells (55) . At a scientific event (56), a report was presented about the use of stem cells extracted from 4-to 8-week embryos that were injected into 61 patients with ALS on 1 to 4 occasions. Improvement of neurological function was reported in 34% of the patients after 2 months and, subsequently, in those patients who received repeated injections. The findings showed that the outcome was better in cases where the disease was at an earlier stage, but there are no data regarding survival. A researcher from Montevideo, Uruguay, treated 12 ALS patients with HSCs collected from peripheral blood, suspended in CRL and directly injected into the spinal cord. The results were quite encouraging, since neurological function improved in 3 patients and was stabilized in 9 (57) .
There are few reports of the use of HSCT, followed by high dose immunosuppression in ALS. A report was sent to the European Registry of HSCT for AD (EBMT/EULAR, based in Basle, Switzerland) of 2 patients submitted to AHSCT in France (Tyndall A, personal communication). Despite transitory improvement over a period of 3 months in 1 of the patients, both died about 7 months after transplantation. In the US, a group of scientists from Baylor College of Medicine, Houston, TX, carried out a pilot study involving 6 patients at intermediate stages of the disease, who received allogeneic BMT from their HLA-identical siblings (58) . All the patients underwent donor cell grafting and 3 patients showed no benefits from the procedure, with 2 of them dying and the disease continuing to advance in the other. Nevertheless, the 3 remaining patients showed a reduction in the advance of the disease. Autopsy of 1 of the patients revealed large quantities of donor DNA in There is evidence that the inflammatory process is a key factor in the pathogenesis of ALS (59) and that high dose immunosuppression with stem cell transplantation might change the natural history of the disease (60) . Based on this evidence, AHSCT for ALS started in Brazil in December 2004 at the University Hospital of the School of Medicine of Ribeirão Preto. Two patients were transplanted using a triple immunosuppressive regimen (CY, ATG, and fludarabine). The first one with the bulbar form died at D+103 from pulmonary embolism and the second is still alive 28 months after transplantation. A more extensive experience of AHSCT was obtained at the Salvador Hospital in Bahia where 15 patients were transplanted using the same conditioning regime. There were 3 transplant-related deaths, 1 progression-related death and a sudden death unrelated to transplantation or progression. Ten patients are alive after a mean follow-up of 133 days (1-540) (Pallotta R, personal communication). Both protocols were halted by the national institutional review board (CONEP/Ministry of Health) pending reformulation.
Conclusion
Stem cell transplantation has been recommended for use in the treatment of AD because it provides immunosuppressive and immunomodulatory effects. Stem cell transplantation can destroy the defective immune system, renew the lymphatic system, reduce the disease activity, and lead to long-term remission of AD (27) . AD patients who were once resistant to conventional therapy, following transplantation, have become sensitive to the same conventional therapy, highlighting the immunomodulatory properties of stem cell transplantation.
Most clinical studies based on stem cell therapy in AD patients use AHSCT mobilized from BM to peripheral blood. There is no significant difference in the transplantation protocols used for different diseases. The results shown in this review range from cases of complete or partial remission, relapse or stabilization of disease to cases involving the advance of the disease and death. Patient selection appears to directly influence the results of transplantation. Choosing patients in the initial stages of the disease appears to be safer and more effective. However, this procedure involves the risk of exposing patients who may respond well to conventional therapy to new nonstandard treatment methods (21) . It should be pointed out that most of the procedures reviewed here were performed in patients that failed to respond to conventional treatment therapies. In such patients, the use of stem cells, although still being an experimental procedure, provides a new chance to enhance the quality of life.
There is some controversy regarding the use of high doses of chemotherapy in the absence of stem cell infusion, which, in some cases, has led to satisfactory results, suggesting that immunosuppression may be the real cause of the improvement seen in the patients, and not the stem cells (26) . Also, the total number of patients assessed in some studies is quite small since they represent case reports and small uncontrolled caseseries. In addition, the individuals represent highly diverse genetic backgrounds, and only randomized clinical trials following standard procedures will allow us to reach meaningful conclusions. Furthermore, there is the need for studies which will evaluate the use of maintenance therapies after transplantation, define patient selection protocols and assess stem cell mobilization in the treatment of AD.
Patient relapse is more common in autologous (30%) than in allogeneic (5%) trans-plantation, with the latter also producing longer-lasting results (26) . Relapse could be caused by contamination of the graft with autoimmune cells, the incapacity of the conditioning regime to destroy the immune cells responsible for the disease or the presence of the defect in the stem cell expansion (14) . The contamination of grafts by auto-reactive lymphocytes can be controlled using pure cell lines expanded in the laboratory, which would also increase the number of stem cells available for the patient (26) . The efficacy of an allogeneic transplantation is mainly the result of the change in the genetic susceptibility of the host to the disease, and also involves the graft-versus-disease effect. Currently, this procedure is not frequently used due to its toxicity and the need for HLA compatibility (9, 14) .
It is known that ESCs have a greater capacity for differentiation and less immunogenetic potential than ASCs. Nevertheless, ESCs could be used as an alternative when there is a high risk of immunological rejection with ASC therapy, as in the case of allogeneic transplantation, or in cases where there is relapse as a consequence of the patient genotype, as occurs in autologous transplantation. However, the use of ESCs remains limited and far from being a therapeutic alternative for such patients due to the risk of the development of teratomas and the ethical issues involving the use of this procedure.
MSCs represent a promising therapy for AD. These cells present immunosuppressive properties and there are reports suggesting the low level of expression of HLA molecules in MSCs. It is believed that the therapy mediated by mesenchymal cells may permit the secretion of immunosuppressor factors and may repair the tissue destroyed by the chronic inflammatory process.
A mixed approach involving the combination of genetic transference with cellular therapy is able to increase the therapeutic potency of stem cell transplantation. It permits the correction of genetic anomalies and helps in the control of disease by increasing the expression of regulatory elements (21) . In neurodegenerative diseases, neural stem cells may remain in the quiescent stage due to the unfavorable microenvironment caused by disease. It is believed that genetically modified stem cells can stimulate the proliferation of endogenous stem cells and so lead to repair of the damaged neural region (5) .
An interesting strategy would be to label the infused stem cells for later evaluation of their proliferation, differentiation, migration, and homing. Cellular labeling, such as that achieved by Cogle and colleagues (6), makes it possible to expand the knowledge available on the activity and biology of stem cells, to evaluate the effectiveness of transplantation and to develop better protocols for the application of stem cells to each immunological disease.
Stem cell-based therapy offers the possibility of developing new treatments in cases of AD. Several reports have analyzed the potential benefits of stem cell transplantation in these diseases. It is hoped that new studies currently underway will show good results for the treatment of AD in the near future.
